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Abstract 
The research of moss greening material (Sphagnum sp.) as a rooftop panel is prior to commercial industry. Scale up of production 
must be prepared for maintaining quality of product through. Production system of moss greening panel consists of aquaculture 
and panel assembly process. This paper highlighted scale up of panel assembly using dimensional analysis. It is a method based 
on the principle of geometric similarity which were used in scale up of aquaculture process. Subsequently, it is used as a basic 
assumption to design an analog models in panel assembly process. The research aims are: 1) To design an analog models in scale 
up of panel assembly process based on scale up of aquaculture process; 2) To identify the critical variables in the scale up of 
panel assembly process. Research results concluded  that an analog model can be designed for panel assembly. Critical variables 
was identified and calculated in scale up of panel assembly process by increasing length of panel were air flow rate (v), mass of 
dry moss (m), width of panel (l), and thickness of panel (t). 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Jurusan Teknologi Industri Pertanian, Fakultas Teknologi Pertanian, Universitas Gadjah 
Mada. 
Keywords: greening material; scale up; dimensional analysis; pilot plant 
                                                          
* Corresponding author. Tel.: +62-822-2035-8270 
E-mail address: thifa.indraningtyas@gmail.com 
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Jurusan Teknologi Industri Pertanian, Fakultas Teknologi Pertanian, 
Universitas Gadjah Mada
Available online at www.sciencedirect.com
115 Lathifa Indraningtyas et al. /  Agriculture and Agricultural Science Procedia  3 ( 2015 )  114 – 120 
Introduction 
The climate change and global warming become serious issues nowadays. Greening material is one of 
implementation from green technology that can decrease negative impact of global warming. Greening material is a 
plant which is grown in a panel utilizing the narrow space of a building such as rooftop and wall (Ushada et al., 
2011; Ushada et al., 2012). The existence of bio-physical processes such as evapo-transpiration in a greening 
material contributes to make air freshness and to the reduction of the temperature inside the building. The ability of 
photosynthesis in a greening material that absorbs CO2 and produces O2 from the environment can mitigate the 
greenhouse gas effect. The application of greening material for narrow space such as rooftop become interesting 
because rooftop is not utilized commonly (Ushada et al., 2007; Ushada and Murase, 2009; Ushada et al., 2012; 
Ushada et al., 2013a; 2013b). 
The research of moss greening material (Sphagnum sp.) as a rooftop panel has been running and will lead to 
commercial industry. The stage must be prepared for commercializing is scale up in order to maintain quality of 
product through production scale improvement. Scale-up can be defined as a procedure for the design and 
construction of large-scale systems based on the result of experiments with small-scale equipment (Gino et al., 
2007). Production system of moss greening panel consists of aquaculture and assembly process. Previous researchof 
scale up was pursued for aquaculture process and designed a pilot plant model using dimensional analysis 
(Sunaryanto, 2014). Dimensional analysis is a method used to reduce the complexity of experimental variables 
based on the principle of dimensional homogeneity to design a large-scale model by using the similarity of nirmata 
clusters as a design parameter (White, 1994). Example of nirmata clusters (dimension less) can be identified as 
Reynolds number, Froude, Euler, Prandtl, and others. 
Sunaryanto (2014) stated that scale up of aquaculture process started by finding conversion factors within critical 
point in process which are used as critical variable to determine quality of product. Critical variable used as a 
parameter to design pilot plant model. Previous research resulted an aquarium as design of pilot plant model based 
on the principle of geometric similarity within laboratory-scale and pilot plant-scale. Critical variables were average 
rate of photosynthesis as a dependent variable and independent variables were air flow rate, density of air, viscosity 
of air, diameter of airstone, the mass of dry moss, the mass of hyponex, volume of water, length of aquarium, width 
of aquarium, and height of aquarium. 
This research highlighted scale up of panel assembly process based on an analog model of scale up for 
aquaculture process. The evidence of the principle of geometric similarity which has been demonstrated on a pilot 
plant aquarium model design will be used as a basic assumption to design a pilot plant model in panel assembly 
process. Analog model of panel assembly process has been made by considering the similarity of critical variables in 
the panel assembly process compared to aquaculture process. Khatod and Sakhale (2012) reported that by 
comparing similarity and limitation of present model, it can be adopted to formulate experimental data for designing 
a new industrial machines. The research objectives are: 1) To design an analog models in scale up of panel assembly 
process based on scale up of aquaculture process; 2) To identify the critical variables in the scale up of panel 
assembly process. 
Materials and methods 
Materials  
Production system of moss greening panel consists of aquaculture and panel assembly process. Raw material of 
dry moss (Sphagnum sp.) was 135 gram for proliferation process in aquarium (Fig.1a.) by using pilot plant model 
(Fig.1b). The size of pilot plant model is 53.33 x 26.67 x 33.33 cm3 compare to laboratory scale is 40 x 20 x 25 cm3. 
Subsequently, it was cultivated.  
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         a.                                                       b.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. (a). Proliferation in Aquaculture process; (b). Scale up of aquarium proliferation in aquaculture process 
 
Furthermore, the cultivated moss was assembled to the rooftop panel. The size of a unit of rooftop panel in 
laboratory scale is 35 × 50 cm2, thickness is 3cm (Fig.2a.) and components of panel are shown (Fig. 2b). Assembly 
process is essential since the cultured moss is acclimatized in panel for the rooftop building environment.  
    a.                                                             b.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 (a). Panel assembly; (b). Components of panel 
2.2. Methods 
 
This research used the scale up of aquaculture process as a basic analog model. It used the principle of geometric 
similarity to construct an analog model to make scale up of panel assembly process. The research methodology 
consists of 3 stages:  
1.Determine the critical variables in the scale up of panel assembly process.  
2.Design a pilot plant model using dimensional analysis method and the principle of geometric similarity.  
3.Identify the critical variables in the scale up of panel assembly process.  
Critical variables in this research were the average rate of photosynthesis (y) as the dependent variable, while the 
independent variables were air flow rate (v), density of air (ρ), viscosity of air (μ), mass of dry moss (m), length of 
panel (p), width of panel (l), and thickness of panel (t). The dimension of each variables are air flow rate (LT-1), 
density of air (ML-3), viscosity of air (ML-1T-1), mass of dry moss (M), length of the panel (L), width of the panel 
(L), thickness of panel (L), and the average rate of photosynthesis is a dimension less variable.  
Based on these critical variables can be obtained an equation (1) with an average rate of photosynthesis (y) is 
affected by seven independent variables as follows: 
y = f (v, ρ, μ, m, p, l,t )         (1) 
In dimensional analysis, if the critical variables are complex, then it can be reduced by using the Buckingham pi 
theorem. The Buckingham pi theorem explains that if there are n variables in the equation of similarity dimension, 
and if the variables consist of  j basic dimensions (MLT), it can be reduced to a value of k as a number of  π. The 
number of π is obtained from k = n-j (White, 1994). The steps of dimensional analysis using the Buckingham pi 
theorem can be defined as follows:  
a. The number of parameters which are used as variables, n = 8  
b. Basic dimensions in equation (1) are M, L, and T, then the value of j = 3. 
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    The number of dimensions of π, from k = n-j, k = 8-3, k = 5, then value of π = 5.  
c. The function π is formed that Equation (2):  
f (π1, π2, π3, π4, π5) = 0          (2) 
A value of 0 represents a dimension less because the average rate of photosynthesis is a dimension less variable.  
d. For representing 3 of basic dimensions, selected three repeated variables basis to arrange π, but can’t be used from 
among themselves. So, there are ρ, v, and p as a selected variables with dimensions (M L-3), (LT-1), (L ). The 
variables ρ, v, and p are selected because were thought to form the Reynolds number. Reynolds number is a 
value that is formed from a comparison of density, flow rate and length to viscosity (Cengel, 2010). The 
Reynolds number is important in dimensional analysis to verify the principle of homogeneity.  
e. Each function π which are obtained, then were substituted to the dimensions of each function π (as a value of a, b, 
and c):  
π1= ρ a vb pc μ    = ρ -1 v-1 p-1 μ = ஜఘ௩௣ 
 
π2= ρ a vb pc m   = ρ-1 v0 p-3 m = ெఘ௣య 
 
π3= ρ a vb pc l    = ρ0 v0 p-1 l    = ௟௣ 
 
π4= ρ a vb pc t    = ρ0 v0 p-1 t   = ௧௣ 
π5= ρ a vb pc y   = ρ 0 v0 p0 y   = y 
f. Relations of each function π from  equation (2), were shown in equation (3), (4), and (5), below: 
f ቀ ஜఘ௩௣ ǡ
ெ
ఘ௣య ǡ
௟
௣ ǡ
௧
௣ ǡ ݕቁ= 0         (3) 
or 
f ቀܴ݁ǡ ெఘ௣య ǡ
௟
௣ ǡ
௧
௣ ǡ ݕቁ  = 0                (4) 
or 
        ݕ ൌ ݂ ቀܴ݁ǡ ெఘ௣య ǡ
௟
௣ ǡ
௧
௣ቁ                   (5) 
 
Based on the equation (4) and (5), the Reynolds number (Re) shows that the dimensional analysis comply to the 
rules of the principle of homogeneity. 
 
3. Results and discussions 
 
Scale up of panel assembly process was pursued by making larger size than length of original panel as a 
laboratory scale (50 cm) based on the principle of geometric similarity. Pilot plant model has been designed to a size 
of 100 cm and 125 cm by considering the availability of the size of the panel components. Ostlund and Karenlampi 
(2001) reported the geometry effect on the size scaling and on the empirical scaling parameter, the result indicated 
that value of the parameters appear to depend on changes of geometry of the material. 
Based on pilot plant model, by increasing length of panel, we can identify the changes of critical variables as 
parameters in the panel assembly process, as follows:  
3.1 Air flow rate (v)  
In the scale up process of aquaculture, the value of air flow rate can be measured and controlled in laboratory. In 
this research, the value of air flow rate is the minimum wind flow rate under standard conditions 0.15 m/s. Based on 
the principle of homogeneity, it is assumed value ρ lab = ρ pilot and μ lab = μ pilot: 
 
Re laboratory = Re pilot plant 
               ஜఘ௩௣ ݈ܾܽ݋ݎܽݐ݋ݎݕ ൌ 
ஜ
ఘ௩௣ ݌݈݅݋ݐ݌݈ܽ݊ݐ 
(vp) laboratory = (vp) pilot plant 
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Relation between length of panel to air flow rate is shown Fig 3.a (prediction data for 100 cm, increasing per 10 
cm from laboratory scale) dan Fig 3.b (prediction data for 125 cm, increasing per 25 cm from laboratory scale). Fig 
3.a and 3.b show that the larger size of panel length can decrease air flow rate around the panel. Boutet (1987) stated 
that structure of building can deflect, block, and direct the flow of air around itself, as well as decrease or increase 
the air flow rate. Larger area of the building makes air flow rate become lower.  
 
a.                                                                         b.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a). Prediction data for 100 cm; (b). Prediction data for 125 cm 
 
3.2. Mass of dry moss (m) 
 
 ܯߩ݌ଷ ݈ܾܽ݋ݎܽݐ݋ݎݕ ൌ 
ܯ
ߩ݌ଷ ݌݈݅݋ݐ݌݈ܽ݊ݐ 
      ρ lab = ρ pilot: 
ܯ
݌ଷ ݈ܾܽ݋ݎܽݐ݋ݎݕ ൌ 
ܯ
݌ଷ ݌݈݅݋ݐ݌݈ܽ݊ݐ 
 
Relation between length of panel to mass of dry moss is shown Fig 4.a (prediction data for 100 cm, increasing 
per 10 cm from laboratory scale) dan Fig 4.b (prediction data for 125 cm, increasing per 25 cm from laboratory 
scale). Fig 4.a and 4.b show that the larger size of panel length can increase mass of dry moss which are required in 
production process. By increasing length of panel, a growth media become larger and mass of dry moss has to be 
increased for maintaining the similarity of moss density and hereafter will affect the average rate of photosynthesis. 
Shieh (1977) reported that photosynthesis and yield of plant can be affected by planting density. 
 
a.                                                                   b.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a).Prediction data for 100 cm; (b). Prediction data for 125 cm 
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3.3. Width of panel (l) 
 
݈
݌ ݈ܾܽ݋ݎܽݐ݋ݎݕ ൌ 
݈
݌ ݌݈݅݋ݐ݌݈ܽ݊ݐ 
 
Relation between length of panel to width of panel is shown Fig 5.a (prediction data for 100 cm, increasing per 
10 cm from laboratory scale) dan Fig 5.b (prediction data for 125 cm, increasing per 25 cm from laboratory scale). 
Fig 5.a and 5.b show that the larger size of panel length can increase width of panel which are needed in panel 
assembly process. 
 
a.                                                                   b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. (a).Prediction data for 100 cm; (b). Prediction data for 125 cm 
3.4. Thickness of panel (t) 
 
ݐ
݌ ݈ܾܽ݋ݎܽݐ݋ݎݕ ൌ 
ݐ
݌ ݌݈݅݋ݐ݌݈ܽ݊ݐ 
 
Relation between length of panel to thickness of panel is shown Fig 6.a (prediction data for 100 cm, increasing 
per 10 cm from laboratory scale) dan Fig 6.b (prediction data for 125 cm, increasing per 25 cm from laboratory 
scale). Fig 6.a and 6.b show that the larger size of panel length can increase thickness of panel which are needed in 
panel assembly process. 
 
a.                                                                  b.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. (a).Prediction data for 100 cm; (b). Prediction data for 125 cm 
 
Based on the principle of geometric similarity, by increasing length of panel for designing pilot plant, we can 
identify and determine another critical variables as parameters in scale up of panel assembly process (Table 1.). 
Sitompul et al., (2013), stated that understanding of necessary parameters in process is highly required during 
production from bench scale to pilot scale and to commercial scale. 
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Table 1. Result of calculation critical variables in pilot plant scale 
Variables Laboratory scale Pilot Plant Scale (I) Pilot Plant Scale (II) 
v      0.15 m/s   0.075 m/s     0.06 m/s 
p      50 cm   100 cm     125 cm 
m      67.5 gram   540 gram     1054.69 gram 
l      35 cm   70 cm     87.5 cm 
t      3 cm   6 cm     7.5 cm 
 
4. Conclusion 
 
The research results concluded that an analog model in scale up of panel assembly process can be designed 
based on the principle of geometric similarity in aquaculture process. Critical variables was identified and calculated 
in scale up of panel assembly process by increasing length of panel were air flow rate (v), mass of dry moss (m), 
width of panel (l), and thickness of panel (t). The analog model were obtained based on critical variables in scale up 
of panel assembly and can be used to make future research for validating model, designing pilot plant, and testing 
the average rate of photosynthesis and water holding capacity as a determinant quality of greening material. 
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